Introduction {#sec1-1}
============

Age estimation of has to be done in both living and dead individual\'s for legal procedures, to identify victims during mass disasters, and for anthropological studies.\[[@ref1]\] In deceased individual\'s age estimation; post-mortem environment can modify the body parts and render estimation difficult. When different parts of the body used for age estimation were compared, tooth was found to be the most durable and least affected by post-mortem changes.\[[@ref2]\]

Age estimation in children can be done by studying the stages of tooth development and eruption. In adults, age estimation with tooth has to be done by the analysis of cementum annulations, root transparency and determination of aspartic acid racemisation. However these techniques are invasive and require tooth extraction, which is not possible in living individuals.\[[@ref3]\] After root completion; secondary dentine is deposited throughout one\'s life reducing the pulp chamber. It is known that size of the pulp chamber reduces as the chronological age advances and its least influenced by other environmental factors.\[[@ref4]\]

Non-invasive radiographic techniques have been developed for studying the amount of secondary dentine deposited by measuring the pulp chamber size reduction. This reduction in pulp chamber was correlated with chronological age and regression equations were derived to estimate the age.\[[@ref2][@ref5]\] Cameriere *et al*.,\[[@ref2]\] formed age predicting regression equations using pulp tooth area ratio in mandibular canines. They were able to obtain a high level of accuracy in their age prediction using this regression equation in an Italian sample (mean error 3-4.5 years). When Cameriere *et al*.\'s technique was used to derive an Indian specific equation, the mean absolute error of the predicted age was found to be more than 10 years. Errors lesser than ±10 years are only considered to be acceptable in forensic age prediction.\[[@ref6][@ref7]\] Saxena\[[@ref1]\] obtained better accuracy in age prediction with Indian subjects using modified Kvaal\'s method; a technique based on linear measurements of pulp. However, all these current age estimation techniques developed for Indian population uses anterior teeth which are often absent in elderly.\[[@ref5]\]

The aim of the present study was to develop an independent procedure to estimate age for Indian individuals using radiographs of multi-rooted posterior teeth with acceptable error margins for forensic age prediction (±10 years).

Materials and Methods {#sec1-2}
=====================

Subject selection {#sec2-1}
-----------------

Orthopantomography (OPG) was obtained for 88 subjects and they were digitalized using scanner (Umax™). The subjects were divided into two subsets. The first subset; study subset (*n* = 60) was used to find regression formula to calculate the age from pulp chamber height. The second subset; test subset (*n* = 28) was used to test the accuracy of this formula. The age of the subjects ranged from twenty to sixty. The subjects in each subset were grouped into 3^rd^ decade (20-29 years), 4^th^ decade (30-39 years), 5^th^ decade (40-49 years), 6^th^ decade (50-59 years). In the study subset, each group had 15 subjects and in test subset each group had seven subjects.

In each OPG a mandibular first molar was randomly selected. Root canal treated teeth, impacted teeth, teeth with visible periapical pathologies, caries, attrition, radio-opaque fillings and crowns were excluded from the study. The study was approved by an Institutional Review Board.

Radiograph measurements {#sec2-2}
-----------------------

Adobe Photoshop CS5™ program was used to mark the points and record measurements in the digitalised OPG\'s. Points were marked on the central fossa and the highest point on the root furcation and a line was drawn connecting these lines. The points on the roof and floor of pulp chamber bisecting this line were also marked. The distance between the central fossa and the highest point on the root furcation was recorded as crown root trunk height (CRTH) and the distance between points on the roof and floor of pulp chamber was recorded as pulp chamber height (PCH) \[[Figure 1](#F1){ref-type="fig"}\]. A ratio is derived between pulp chamber height and crown root trunk height; pulp chamber crown root trunk height ratio (PCH/CRTH = PCTHR) in order to avoid projection error.\[[@ref1][@ref6]\] All measurements were recorded by a single observer and twenty randomly selected radiographs were measured after one month to access intra observer agreement.

![Steps in measuring the crown root trunk height and pulp chamber height. (a) A first molar radiograph, (b) points marked on the central fossa and the highest point on the root furcation. (c) A line drawn connecting these points. (d) Points on the roof and floor of pulp chamber bisecting this line marked](JFDS-5-56-g001){#F1}

Statistical analysis {#sec2-3}
--------------------

All data were entered and analysed using SPSS (Statistical package for social science) v11.5TM. In the study subset Pearson correlation was done between chronological age and pulp chamber crown root trunk height ratio. Regression analysis was done on PCTHR and a formula was derived to estimate the age. The regression equation was applied on the test subset to test its accuracy in age prediction. The difference between the chronological age and estimated age was recorded as error. Independent samples t-test was performed between chronological age and estimated age in the test subset; for total subjects and male and female subjects separately. Mean absolute error (MAE) was derived by calculating the mean of absolute value of the errors. Percentage of cases with the calculated age \< ± MAE and those falling within \< ±10 years; the error acceptable in forensic age prediction were calculated.\[[@ref6][@ref8]\] The intra observer reliability was assessed by inter class correlation co-efficient. A *P* \< 0.05 was considered to be statistically significant.

Results {#sec1-3}
=======

Orthopantomography (OPG) of 88 subjects was used for the study. There were 50 male and 38 female subjects in the study \[[Table 1](#T1){ref-type="table"}\].

###### 

Distribution of subjects in study and test subsets

![](JFDS-5-56-g002)

A statistically significant negative correlation was found between chronological age and pulp chamber crown root trunk height ratio (r = −0.56; *P* = 0.000) \[[Figure 2](#F2){ref-type="fig"}\]. Regression analysis on the test sample produced the following linear regression equation;

Estimated age = −100.920 (PCTHR) + 55.415. (PCTHR is the pulp chamber crown root trunk height ratio). The R^2^ value for the regression equation is 0.313.

![Scatter plot distribution of the pulp chamber height crown root trunk height ratio when compared to the subject\'s chronological age](JFDS-5-56-g003){#F2}

The equation was applied on the test subset and age was calculated. No significant difference was found between the actual age and calculated age (*P* = 0.639) \[[Table 2](#T2){ref-type="table"}\]. MAE was estimated by applying the equation on the test sample and was found to be 6.96 years. The percentage of estimated ages in test samples \<± MAE was 57.14% (16/28) and those falling within \<±10 years; the error acceptable in forensic age prediction was 71.4% (20/28).

###### 

Mean difference between actual age and calculated age in test subset

![](JFDS-5-56-g004)

There was no significant difference between the actual age and calculated age in males (*P* = 0.947) and females (*P* = 0.424) \[[Table 2](#T2){ref-type="table"}\].

There was a significant intra observer reliability in the measurement of crown root trunk height \[r = 0.9584, *P* = 0.000, 95% CI (0.890-0.9833)\] and pulp chamber height \[r = 0.6972, *P* = 0.002, 95% CI (0.3786-0.8681)\].

Discussion {#sec1-4}
==========

Tooth is considered as a reliable body part for forensic age estimation since environment has minimal influence on it. Age estimation by radiographic evaluation of secondary dentine deposition is an established non-invasive technique for adults.\[[@ref9]\] Numerous accurate age estimation equations have been derived for western population using measurements of secondary dentine deposition, which when applied for Indian samples produced errors unacceptable in forensic age estimation. In order to enhance the accuracy of age prediction it is advocated to derive age estimating formulas specific to Indian population.\[[@ref2][@ref6][@ref7]\]

The various studies that\'s been done to construct a formula for age estimation in Indian population has utilized radiographs of anterior teeth.\[[@ref1][@ref6][@ref7][@ref10]\] But in elderly anterior teeth are often lost making age estimation difficult.\[[@ref5]\]

In our study, we have developed an independent procedure utilizing radiographs of mandibular first molars to estimate age. Since distortion will be produced when a curved arch is projected on a flat film, a single tooth was selected for the study in order to create uniform distortion on all the samples.\[[@ref10]\]

The secondary dentine deposition is indirectly measured by measuring the reduction of the pulp chamber. It is reported that secondary dentine deposition is not homogeneously spread all over the pulp cavity. In molars as the age advances secondary dentine deposition happens preferentially on the roof and floor of the pulp chamber reducing the height rather than width of the pulp chamber.\[[@ref4][@ref11]\] Drusini *et al*.,\[[@ref12]\] have used posterior teeth coronal pulp chamber height by measuring the distance between highest point on the pulp horn and cervical line. We found Drusini *et al*.\'s measuring technique inconvenient since superimposition of the adjacent pulp horns and thin cementoenamel junctions hinder the accurate measurement of these parameters.

In our study, we have used a new procedure where the height of the pulp chamber and height of the crown root trunk was measured and ratio; PCTHR was calculated from it \[[Figure 1](#F1){ref-type="fig"}\]. When this ratio; PCTHR was correlated with chronological age of the study subjects, there was a strong statistically significant negative correlation (r = −0.56; *P* = 0.000) \[[Figure 2](#F2){ref-type="fig"}\]. Earlier age estimation studies done on Indian population using pulp tooth area ratios had lower correlation coefficients when correlated with subjects chronological age.\[[@ref6][@ref7]\] This shows that reduction in the pulp chamber height in mandibular first molars reflects advancement of chronological age better than reduction in pulp area in anterior teeth. There was significant intra observer reliability in the measurements of this study indicating the reproducibility of this technique.

The regression equation derived from the PCTHR ratios of the study subjects were used to estimate the age in test subset. We did not find any significant difference between the actual age and calculated age in test subsets (*P* = 0.639). The MAE in our study was 6.96 years. Basht *et al*.\'s\[[@ref6]\] age estimation based on pulp tooth area ratio with Indian specific equation yielded MAE of 10.76 years which was outside acceptable error limits in forensic age estimation (\<±10 years). The novel measurement procedure used in our study has a marked improvement in the MAE\'s when compared to earlier studies using pulp tooth area ratio. In our test sample, age estimates in 57.14% (16/28) was within the MAE of 6.96 years and 71.4% (20/28) was within acceptable error limits of forensic age estimation (\<±10 years). The studies using pulp tooth area ratio in Indian population had only 55.24% of age estimates within \<±10 years.\[[@ref6]\] This shows that our new method of age estimation from pulp chamber height in mandibular first molars have greater accuracy.

In the present study, there was no significant difference between the actual age and calculated age in both male and female subjects, which was similar to other age estimation studies done on Indian population.\[[@ref1]\]

Conclusion {#sec1-5}
==========

The independent procedure developed to estimate the age using reduction in pulp chamber height was found to be fairly accurate to perform forensic age prediction in Indian individuals. Our technique used posterior teeth which are usually present in elderly. We can probably improve the prediction accuracy of the existing technique by deriving a multiple regression equation using multiple teeth or by utilizing other linear measurements in the same teeth reflecting secondary dentine deposition.
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